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Respiratory Water Exchange in
Two Species of Porpoise

Ahstracl, Afeasarements af the rFes-
pirgrory  werer exclinges of Tursiops
lruncatus  and Lagenorhynchus  obli-
quidens irdicare fear these species lose,
respeciively, arly IO and F7 percene
wx sl water phrowoglh evapoeeiion g
il el of e
senere frady weighy, Conteol of fempera-
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fen o waler,

lory xysfem god a lower

to determine the
wiler losl through respira-
tion in two spegics of small eetaceans,
S adult Atlantic  bottlenose  por-
[rrises, Trrifops  druneaies (mean
weight, 142 kpd, and twe adult Pacifie
white-sided  porpoises, Lapensrfyaches
alliguidens [HG3 Bl ksl
slucied at the eetacean rescarch col-
(MY rmaitained b Point Mwlugn, Cali-
fornia.

During the experiments fhe T
poises were  placed on o hospilal
stPeleher amd kot mcist with sea wa-
ter. Reaial temperatures (25 emo depih)
wierg  continually menitored  with a
thermistar  probe. Wets and  dry-bulb
air temperatures were recorded  with
& pogtable  thermostor  psyvehrometer
{1 Measurcments inside the respira-
Lory pissisges werns mitde with o mindi=
fied otescope probe placed over the
endgd ol Mhe
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Fig. 1), and readings were faken dur-
ing sevieral :|.'.~\.|:-ir.al-:'t-r:.-' cveles, The ani-
mals were able to seal their blow holes
cifectively with the probe in position.
A tight-fitting mask with a breathing
bag from an anesthesino apparaies was
placed over the blow hole e callec
expired wir, which was  immediately
mcasured with the pavehromelss. Simi=
lar measurements were made af the
crpired air of three huwmans.

The relative humidities of the sam-
ples were  determined  (rom
paychromedric fables (1) Absoluie hu-
miditics were caleulated with
muki

shicnclared

Lhe For-

Mo = QLBBS = 1077 (F'eh (P [y

where the ahsoluie hl,.ln'ljﬂi[_':,'_ M, is
prams of water per cubic meter, Ao
15 the percentage relative  humidity,
and P, is the vapor pressure of water
i nullimeters of merewry al 1hie dr:r'-
bulb temperaiure,

The recorded  in the
upper respiratory racts of both species
werg about 900 lower
than the mean deep body temperatures
(mean T, = 36,5°C). Exhaled air was
35" e 4.3%C warmer than inhaled
air, but it about 4.5°C cooler
than air in the upper respiratory ras,
The relative huwmnidicy of residual aig
in the upper r;_!'\ipirllll:l."g' Erogl wis 95
to L0 percent. We assurie thal aic in
the lungs s saturated at deep-body
temnpersture. Insprred e had o
relative  humidity of 75 pergent for
both speeres, while expired air had @

tem perafures
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Toreieps frpreantoe head, andicating the

logation of the probe wsed for homidity and  pressure measarements.

mean relative humidity of 75 percent
in Twrsiope and B3 percent in Lece-
norhynchiys. The abszolute humiditics
with corresponding  temperatures  of
the air before, doring, and after pos-
siga through the respiratory tracts of
the porpoises are given in Table 1.

Eates of respiratory  water  loss
[ i grams per day were estimated
from the difference in waler present
i imbaled and exbaled air (Table 13
'|:|:~' using the formuola

W

= 1A M) O 21

the net difference in
Erams aof  watler per <uhic meter be-
tween inhaled and exhaled mir, I ois
ventilalion rate in liters per  minude.
and O s m* liper—!
Wentilation

where AN, |z

® minule day—1,

rites  wers  determimed
from tidal volumes aken From Ire-
mg et al. (F), and beeathing rates

were  determined  during  our  experi-
menis

Al a venttlation rate of 164 liters
per minuie, a 140-kg Tarsiops would
lose about 290 g of water per day if
the warer content of the exhaled air
were the same ns that in its air sacs
(Tahle 1]. Hawever, under the -e::'..p-q:ri-
menlal conditions, only about &0 g of
water  per day would be lost, Thus il
appears that abowt 80 percent of Lthe
waler present in the air of the upper

respiratery  trogl owas reclaimed prior
1o eshalilion.
The rate of waler loss in relation

B oxygen consumad can be compared
with values for other mammali re-
prorted By Schmidt-Mielsen (40 by cal-
culating  1he Twriieps
when inhaling dry air. With an oxygen
consurmplicn of 0% lier per minuote
{3 and a loss of 381 ] af waler per
dav an dey air at 1970, Tarsiops would
fose 0294 mg ol water per milliliter
of oxygen comsumed. The respiratory
water loss of Teedeps is considerably
lower than evaporative waler losses re=
perted in the literatwre for terrestrial

wialer  lass ol

mammals, even those which live im
desarts 171,
We catimated the respiralory  water

loss for Logeeochvecfios, making the
Lame  assumiplions o owere made for
Tiesieps, With o ventiliion  rame of
128 lilers per  minute, a0 T1oEkp
Lagenarfivachys would lose about 917
g of waler per day wnder our experi-

mental conditions. 1§ 11 were breath-
g cdry air at 175C the animol would
lose abowt 246 ¢ of waler per dav.

With an oxyigen consumption of 0,23
liter of oxypen per musote (3h La-



penorhiyviochos would loss water at the
rate of L6384 mg of water per milliliter
of oxvgen consumed., This figure is
within the range of values reported by
Schmidi-Miglsen  for  nondesert
minls (4.

For a man weighing 94 kg the ex-
pected  ventilation rate would be 2%
liters per minute, and at 27°C the rate
of oxygen consumplion would be 0.30
liter  por  minate (6}, Cr data
(Table 1} indicate that water would
e evaporated from the  respiratory
tract of o man in dev o oar 26,590
at a rate of L343 mg of waler per
malliliter of oxygen This
value 5 not significantly different rom
the evaporation rate for 1 man breath-
ing dry air at 25°C reported by
schmidi-Mielsen {4): 0,84 mg of wa-
ter per milliliter of oxygen consumaed,

The respiratory water loss of por-
paases can be compared with those
calculaled  For “theoretical ereestrial
mammals” from  equations  given by
Adlolph {41, From his o and Eq, 2.0
terrestrial  mammal weighing 140 ke
would be expected to lose 1261 g ol
water per day in ey air, i the water
content of the exhaled wir were pssumed
to ke the same as that of man (Table 13,
If this mammal consumed 082 [ier
of oxypen per minufe (4), the respira-
tory witer loss would be 0979 mg
of water per milliliter of oxveen con-
sumed  (compared 1o 0294 me lor
Tursiops). Caleolations Tor o 71.5-kg
mammal are 3.9 ¢ of water per dav,
or 91T mg of water per milliliter of
crygen consumed (compared 1o G54
for Lagesorbypchin:s) st o metahalic
rate of (.25 liter of oxvgen per min-
uli,

L=

consumed,

In Twesiops, the respiratory  water
loss is only 30 pergent of tha [ri-
dicted for & mammal of the same
boddy weight, while fhe warer loss of
Lagensrirvnchne s 77 percent of 1he
predicied valua.

There are several  wavs
porposces could contral their respira-
lory lesa: (v by reducing the
ventilation rale, (i) by cooling the air
in the upper respiralory possages. and
fiiit by controlling the pressure in the
Upper respiratery ract

The relatively large amounts of oxy-
pen exivactesd Trom inspired  air by
porpeses (30 amd their low ventilation
rate faver a low rake of resprrlory
water Inss, a8 Krough hos stated (7).
For ewample, the ventilation rate of
a ldi-ke Twesfope s 152 liters of air
por minute less than tha predicted for

in which

Wity

Table 1. Absolute hamiditics (F,) and temperaturcs (T3 during respiration by twe species
of porpoiss amd man. Abselute hamidities are piven in prams ol water par cuble mser af

air and lernperntuses are in deprees Celsius, Bach emiry represents the mean =

the svandrd

grear, The number of somplss taken (o) is given; ot least two measuremenis were 1aken
from e2ch subject for cach phass of respirazian,
Imhaled aii Upper-respirntory- Exhzled air
Lract air
/ iy i . iy My N 5
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#  terrestrinl mammal of the  same
weight (5, Calculations with Eq. 2
show that this dillerence in ventila-
lon rate could account for the con-
servation of 131 g of water per day
by Tursiops, il the waler content of
its inspired amd expired air were 1he
same as we ohserved (Table 13,
Water loss in porpoises could  De
reduced by lowering the temperniore
of air in the nasal passages so that
warm.  saturaled  gir from the  [ungs
wionld condense on the cooler tissues, as
poslulpted  for  RKangarca  rals  (0po-
I'-'.-':'\-'-'i‘_'l"\-:l 1+]. femperature  m Dhe
air saes of the porpoises we examined
averaged 2T.1°C (both specicsh, which
5 about 98°C cooler than simuliane-
ously mensured rectal femperatures, 10
W assume  Thal lemperature in
the same as recial lem peratiure,  conl-
ing of the entire lidol volume of air
during  exhalation could wvield o pet
condensalion of 504 2 of water

-

| Tt

lung

per
dav in Tarasons.
In the porpoiscs we siwdied the exs

haled air was nol safvrabed with wi-
ter vapor. Although condensation due
w3 covhng conld pocount for 1he ries

tention of 230 g ol water per daw,
this process by jtself cannot sccoun
for the observed deficic of
the expired air. This defiesr ean, himw-

salurkkion

evier, b aceounted  For h_-_.' PrCssurs
changes  in the  respiration swvsiem,
Fressure mesursmenls werse made

the sag svelem of an Bk
Dyachins by placing a slender stinless
steel tube throwugh the Blow hole inio
the nares (see Fig. 1. The probe was
connected by o plece of surgical rub-
Ber tubing to a sensilive airpressure
gauge.  Hetween  gxpirations,  pressune
in the air sac was e some a5 abmo-
spherte pressure amd  the glonis was
tightlv clesed. However, prior 1o ex-
halation, when the animal compressed
the air sags. pressurcs of QU170 atm o

) iR -

L2388 arm above atmospheric pressune
were recorded.

While we were obtaining a number
of measurements from the air-sac LS
lems, ir lempseratures  rose as  much
as 50 inoa few seconds, particularly
in Twesiopy, At this  time
temperatures roce briefly 1o as much
a% 40 pereent above the dry-bulk read-
ings. This anomalous condition can
be related o the pressure changes,

Ax the pressure an the air sacs in-
creases, the amount of waker vapor in
the contained air mustl decrense in di-
1eel properiion;  mcisture  from this
compressed  air owill condense in the
upper respiralory rast. 1T compression
ef the air sacs is performed quickly
fandd therefore adiabaucallyl, most of
the external work dene on the svsiem
will he converted 1o internal GRCrey
(heatl in the  compressed This
could cause a sndden rise of air 1em-
perilure in the The latent
heat of vaporization released during
the condensation should b
morre effectively transferved o the wei-
bully thermistor than 1o the dey-biilk
tThermistor hegause of the conduactive
properiies of  water,  Therefore,  the
condensation of water on the wet-hulh
thermistor during air-sac  compression
conld cause a lemporary rise in wel-
bulh femperaturcs above those of the
dr:-'-hull:- thermstor

If. during the process of compres-
stom, o portion of the resulionl hept
wiere  lost 1o the surreunding  tissues,
the release of pressure durmmg the hlow
would resull in the expired air being

wiak=baalh

il.ir.

air  sacs.

|1r|1|:|,:x'-:

at o lower femperalure than before
the Frressaare i:'hilngl:ﬁ Gocurged, as o we
found. The misimg of relatively dry

air from the sac sysiem with the rest
of the odal wolume during o blow
could peeount, for the observed salora-
tion deficit of the cupired air.

Thus vierdilation,

reduced cooling



of the respiratory ract, and control

of pressure within the sac svatem could

account Tor the retentien of 875 g of

wiler per day of the %35 g of walcr

thar coanld be lest by respirstion in oo

l40-kg Tursiogs wnder the conditions

wr wssumed Tor our calcalabions.
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